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Rouse's Point, Cunton Co., N, Y., 

January I2th, 1850. 

Sir: I submit the following remarks on the timber 
foundation (of piles and grillage) of Fort Montgomery. 

Fort Montgomery is founded on a limber platform 
resting on 4383 piles driven into the ground. These 
piles were driven in 1844, 1845 and 1846, and the gril- 
lage laid on them in those years and in 1848. These 
piles, when the work is completed, will bear an average 
load of seven cubic yards of masonry, and one and three 
fourths cubic yards of earth each; or, estimating the 
masonry at 4200 lbs., and the earth at 2700 lbs., per 
cubic yard, the weight with which each pile will be 
loaded, will amount to 34125 pounds, in addition to its 
own weight and that of the grillage. 

These piles were all driven by two steam engines, 
one of six horse, and the other of eight horse, power ; 
the former requiring generally an engineer and three 
laborers to serve it, and the latter an engineer and four 
laborers. 

The original cost of engines was ^4388.71 ; — the con- 
sumption of oil and rope, together with the repairs applied 
to them, has amounted to $1982.21; — making the total 
expended on the engines $6370.92: I suppose they 
could now be sold for $1000, a sum not over one-third of 
their value as pile drivers, if they were further needed at 
this work for that purpose: deduct the $1000, and it 
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leaves the amount actually bestowed on the pile driving 



machinery for 4383 piles, 


j^5370.g2orj;(1.22pr 


. pile. 


The cost of the piles was - 


6121.42 " 1.40 


cc 


The cost of driving was 


1724.44 '' 40 


a 


The cost of measuring, haul- 






ing, securing for winter. 






and sharpening, was 


792.24 " 18 


cc 


The cost of iron bands, to 






protect the head of the 






piles while driving, was - 


439.29 f 10 


cc 


The cost of cutting down 






and levelling the piles 






with axe and adze to re- 






ceive the grillage, was - 


495.21 '' 11 


cc 


The machinery other than 






steam pile drivers, - 


184.10 '' 04 


cc 


The cost of contingent ser- 






vices and contingencies for 






this part of the work 






amounts to - 


1890.06 '' 43 


cc 


Making the total cost of piles 






and driving, - - ^ 


17017.67 or p.88pr 


. pile. 



The general arrangement of the piles aimed at, was 
to place their centres under the four angles of a square 
yard ; the double pile driver having been so construct- 
ed as to drive two rows two yards apart from centre to 
centre, and on repassing the same track to insert an in- 
termediate one together with one outside the two already 
driven ; but the distance from pile to pile in each row, 
resulting generally from dividing a given length into a 
certain number of spaces, would vary an inch or two 
from three feet. 
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The grillage was laid in two courses ; the lower, of 
timber 1' 3" wide and one foot thick, was generally laid 
perpendicular to the scarp, thus connecting together 
rows of piles parallel to the scarp. It was notched down 
four inches on to the piles and pinned. The upper 
course, at right angles to the lower, was of 12"xl2" 
timber, across the piles, and of I2''x8'' between them ; 
the 12"x 12'' being notched 4'' down on the lower course, 
brought its top to the same level as the 12"x8'' — thus 
giving a level floor for the masonry. This arrangement 
is shown on the sketch herewith. 

The materials for the grillage, consisting of 45610 
running feet of timber of the sizes, 12''X8'', 12''X 12'' and 
12''X16'', and of 112147 hard wood pins cost, {j{2277.45 
The cost of measuring, hauling and securing 

this timber for the winter, was - - 235.80 
The cost of preparing, laying and pinning it, 2318.02 
The cost of machinery, - - - - 70,00 

The cost of contingent services and contin- 
gencies belonging to this part of the work, 
was 612,66 



Making the total cost of the grillage, - - ^5513.93 

The difference of level between the highest and lowest 
water in this part of Lake Champlain, is nearly 8 feet : 
according to our memoranda T 10". To prevent the 
decay of the wood, it was necessary to place the top of 
the grillage at least as low as the lowest level of the sur- 
face of the water ; — the piles had to be accurately levelled 
V 4!' below the top of the grillage. It thus became 
necessary, let the stage of water be what it would, to 
enclose the area with a coffer dam and dyke and to pump 
out the water. 
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The cost of the coffer dam and dyke, together 1700 feet 

long, and enclosing an area of 2f acres;, was ^1396.93 

The cost of pumping, .... 1504*21 

The cost of excavating for the platform for 

the piles and grillage, - - ^ ^ 1687.87 

Contingent services and contingencies belong- 
ing to the last three items, - - - 561.00 

Total cost, . -. . J555049.01 

I 

We have then — 

For excavating, pumping and coffer dam, ^5049.01 

For grillage, --.--- 6513.93 

For piles, 17017.67 



■ I iirt 



The sum total of expenses of every descrip- 
tion, incurred in preparing the timber 
foundation of the fort — including contin- 
gent services and contingencies of all 
sorts, . - ^ , . . * ^27680.61 

To investigate the value of this foundation, or the 
amount of weight with which each pile may be loaded, 
let h be the height of the fall of the hammer at the last 
blow ; g=32| feet, the force of gravity, or the velocity 
that gravity will generate in a second of time ; then, 
omitting the inconsiderable resistance from the friction of 
the hammer against the slides, \/2gh will be the velocity 
of the hammer at the moment it strikes the head of the 
pile. 

Calling this velocity F, and JSTthe mass of the hammer, 
the quantity of motion at the instant of impact will be FjET, 
and the hammer and pile will move together. 
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Calling V the velocity of the joint mass of hammer 
^nd pile at the instant of impact, and P the mass of die 
pile, the quantity of motion will be V'{H+ P^^!:^VIl 



«>>. ■-^' la 



H + P ^^ 

for the velocity of the pile at the instant the fetarding 
force, due to the difficulty of penetratingthe soil, begins 
to act. 

Butthemas^ of the pile of hammer is equal w> It? 
weight divided by gj or calling the weights N and ;; iv^-: 

have, jy^:— and -P =: -^ J substituting these valuer: -a 

o o 

expression ( I ) and reducing bymultiplying both nunicr u- 
tor and denominator by g, we have 

FA' 

*"-^, w- 

Let the joint mass {H+ P) of the piL and hamiiier, I ; 
now taken as the unit of mass, and the variable f. t! c 
time that it is in motion under the influence of i ho r:- 
tarding force; — let ^ represent this force, wheth^i 
stant or variable. Let the variable v represent Uk • 
city destroyed by the retarding force, and we shall liii\ c 

^=— or dv=::P.dt and' i^t=:i j i^^iU; 

if the integral be taken to the end of the time r-aiif.; 
which the pile is in motion, t?, the velocity destiKj^ 
becomes V and we have 

r 

V^J^.dt (3). 

The velocity at any moment will be V — c; let i? *h* 
the distance to which the pile has penetrated at tb;* ^L > 

B 



>\'- '. 



t \_ 
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menty and we have j- = P — v : (the differential of the 

space divided by that of the time being equal to the ve- 
locity : ) integrating we have 

8=:Vt—fv.dt (4) but v=f<P.dt) 

substituting this value of i> in equation (4) we have 

8=^Vt—fdt.f<P.dU (6). 

To integrate equations (3) and (5) it is necessary to 
know the form of the expression <p j it may be constant, or 
variable, with the time t. Let us for a moment, suppose 
it constant. Equation (3) becomes P = ^f. (7j and 

equation (5), «=Ff — P^. t.dt ov 

$=Vt—^^.t\ (8) 

Substituting in the latter the value of ^ (p. f , deduced 
from equation (7) in which t represents the total time to 
the end of the motion, we have s^^V t — i Vt = i Vt, or 

««^ (9). 
Substituting this value of t in equation (7) we have 

^-2-. (10) 

for the retarding force on the unit of mass (the joint 

mass of pile and hammer. ) 

jr» UP 
Squaring equation ( 1 ) we have V^ = /rr . p\ a J 8^^^ 

stitiiting for P its value 2 g A, V^— ^ x 2g A ; 
substituting this value of P' in expression (10) it becomes, 
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multiplying both numerator and denominator by g, we 
have, 

for the value of the retarding force acting on the assumed 
unit of mass ; now to pass from this unit to whatever unit 
Hand P may be expressed in (as cubic inch, cubic foot, 
cubic yard, of a particular density) we will multiply 
by (£r+ P) and we have for the total retarding force 

But the mass multiplied by gravity gives the weight ; 
the first factor, therefore, is the product of the weight of 
the hammer, by the ratio of that weight to the joint 
weight of pile and hammer, tod this must be multiplied 
by the ratio of the height of the fall to the distance 
that the pile is driven, to give the value of the retarding 
force in terms of the weight that it will hold in equilibrio.* 

^Not$ — The above expression (0) gives properly speaking that portion of the 
retarding force which is employed in destfoying the motion resulting from the 
Uov) of the hammer. The total retarding force must not only do this, hut must in 
addition, neutralize the action of gravity on the mass of pile and hammer during 
the operation. So much of the intensity of the retarding force, as is necessary to 
balance the weight of the pile, is always in requisition for that purpose, and entire- 
ly unavailable for the support of the superstructure with which the pile is loaded. 
To the above expression for the admissible load, the weight of the hammer might be 
added, hut this is inconsiderable. 

If the effect of gravity on the pile and hammer be iniroduced into the foregoing 
calculations, equation (10) will become 

pa 
^-5^ = 2^ (ICK) 

and equation (9) will remain as it is, 

'=4? ^'^ « = *^«. (9')- 

Now if the hammer be merely laid on the pile, A = 0, V=b 0, and from equation (9') 
9 s=0, equation (10') then becomes 
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Herewith are two sketches^ the first giving the history 
of tho driving of the piles, the second showing how the 
grillage was laid on them, in the only portion of the work 
where the entire load has been placed. It is the only 
part of the work where the parapet wall surmounting the 
scarp, has been built. 

In the first sketch; the diameters of the butt and point 
^in inches) are written within the circle representing the 
pile — the red figure within the red curve, gives the 
length after it was cut off to receive the grillage, the red 
figure, without that curve, gives the length before it was^ 
cut off; — the black figure without the red curve gives the 
fall of the hammer at the last blow, and the series of black 
figures within that curve, are, in inches, the penetrations 
of the pile into the soil under the corresponding final 
blows, the lower figure belonging to the last blow : — the 
wood of the pile is represented by the letters, A for ash, 
J5 for beech, H for hemlock, S for spruce and T for 
tamarack.*" 

The hammer with which these piles were driven, weigh- 
ed 1630 pounds. The weight of the spruce piles was 
ftund to be 39f pounds to a cubic foot, but the piece 
weighed was rather more dry than the average of the 

This is as it should be ; the force has giyen no mejisure of its energy, such as the 
space or time in which it^ can destroy a given quantity of motion ; it has borne the 
weight of'the pile and hammer ; how much more it could have borne is uncertain, 

and the expression takes the indeterminate from of •^. Making ^ = ^ in equa- 

tion (10') s must be infinite; if be supposed less than g", then — becomes 

■ 2< 

negative, gnd V* (the square root of a negative quantity) imaginary. In this last 
case F'2 may be made positive, and F' become r^al, by making s negative, which 
5^ equivalent to the supposition that the blow of the hammer is on the bottom of the 
jpUc, and drives it upwards, 

* Only one of the sketches ruferred to, is published. The informition con- 
tained in the above paragraph, will be found in a table at the end of the article. 
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piles ; — lliey may be assumed to have averaged at least 40 
pounds to a cubic foot. 

Now taking the central pile of the front row of the 
scarp, in the sketch, its volume is 24 cubic feet, its weight 
960 pounds; its joint weight with hammer 2690: 

* is !i'=115i, 

and we have, for the value of the retarding force 

1630 X ^|3^ X 1 151= 118176 pounds. 

This is about an average result of the calculation applied 
to the others. 

Now each pile, in the sketch, supports the average 
weight of six cubic yards of masonry and one and a 
fourth of earth; or taking 4200 pounds as the mean 
weight per cubic yard of our masonry, and 2700 pounds 
as that of the earth, the load on each pile amounts to 
28676 pounds, besides its own weight and that of the 
grillage ; about one fouth of that which the force of resis- 
tance is capable of holding in equilibrio. These piles 
have been loaded with 23800 pounds since the fall of 
1846, (for three years,) and the addition to that load this 
season, makes the total per pile, 28576. 

In the case just calculated, the velocity of the hammer 

at the moment of impact will be \/2 x 36 x 32| = 48. 125 
feet per second, and the velocity of the joint mass of 
hammer and pile will be 48.126 X iH§ = 30.3 feet per 

second = F', and the retarding force — will be 

(30^3)»_918'_,4^o 

The velocity that the retarding force is capable of de- 
stroying in a second of time on the joint mass of the 
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pile and hammer is then 1468 feet — tut gravity is ca- 
pable of generating on that mass a velocity of 32i feet ; 
dividing 1468 by 32|, we have 45yVV, as the ratio be- 
tween the retarding force and the force of gravity: 
that is, the retarding force is capable of holding in equili* 
brio 45yVir times the joint weight of the pile and hammer 
or 2590 pounds X 45/oir= ^8181 pounds; within 6 
pounds of the result given above, and this difference 
would not have appeared if the calculations had been ex- 
tended to a greater number of places of decimals. 
The time t in this case will be 

t = p7= 3or3 == TT of a second. 

The same result may be obtained by dividing the 
velocity destroyed, viz : 30'.3, by the velocity the force 
is capable of destroying in a second of time, viz: 

i^oo , or f-^-^Q — j-f* 

. Bastion A, the bastion nearest the channel, was finished 
in the fall of 1846 with the exception of the parapet wall 
surmounting the scarp. In that bastion, the piles were 
longer and heavier than those in the sketch herewith ; 
they also went further under the last blows. The above 
calculation applied to those in the neighborhood of the 
salient would give about 85000 pounds as the load they 
could sustain. They have sustained for three years 
23700 pounds each; the parapet wall will add about 
4000 pounds to each pile. 

The above calculation has been made very easy, by 
the supposition that the retarding force is constant during 
the very short period that it takes to destroy the motion 
of the pile. In the case of the pile taken above as an 
example, the calculation gives -/y of a second on the 
supposition of a constant force. This time was not 
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measured. To measure it, might be a difficult mechani- 
cal problem. Still I think an apparatus could be devised 
that would effect it. 

Suppose this time had been measured, and had not 
agreed with that given by Equation (9) : it would show 
that the assumption of a constant force was not correct. 
Now the measured time might be either greater or less 
than -— ; if less, then the average intensity of the varia- 
ble force must be greater than that of the constant force, 
and its greatest intensity must, a fortiori^ be so. — If 
however, the measured time should be found greater 
than ■^, the variable force must still, at some moment 

of its progress, earlier than the lapse of time ^7, have 

become greater than the constant force -^ : for if it 
were at every moment less, its effect at every moment to 
reduce the velocity of the pile must have been less, and 
the pile would at every moment move with a greater 
velocity than it would under the retarding influence of 
the constant force ^^ , and of course at the expiration of 

the time -^ it would have penetrated a greater distance 
than 8. Thus on the supposition of a variable force, let 
the total time that it takes to arrest the motion of the 
pile be either greater or less than that taken by the con- 
stant force, yet it must, at some moment, have a greater 

intensity than the constant force. 

Now the variation of the force may be according to a 
simple or a complex law. Its variations may be steadily 
in one direction, that is constantly (not uniformly) to 
increase or constantly to diminish the intensity that the 
force had at the beginning of the motion — or they may 
be the reverse, tending during one portion of the time 
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to increase and at another to diminish the value of the 
force at the commencement of the motion. Any law of 
variation that does not look to the continual increase or 
continual diminution of the force from the commence- 
ment^ seems to me highly imJ)robable. 

If it be assumed that the variations of force are steadily 
in the same direction, that is continually increasing or 
continually diminishing it, its greatest intensity must be 
at either the commencement or the close of the motion 
of the pile. If at the close of the motion, it vrill be the 
resistance that the pressure, if at once applied, would 
have to overcome to start the pile ; and if at the com- 
mencement, it will be greater than the constant force 
determined by the data given by the next blow. What 
penetration (s)^ another blow would have given, cannot 
be said with certainty; but as the piles were always 
driven until for several successive blows, there was a 
fiteady diminution of (s)^ there is every probability that 
the constant force determined by another blow, would 
have been about the same as determined by the last one 
and perhaps a little greater. 

Thus it is certain that if the force be variable, it must 
at certain moments be greater than the constant force 
determined by equation (0) ; and that unless the valua- 
tions are governed by some complex and improbable 
law, that among those moments must be the commence- 
ment or the termination of the motion. 

Then the assumption of no variation in the intensity 
of the force of resistance is either true, or it will give 
values less than the true ones and is therefore a, safe 
supposition. 

There might be circumstances perhaps, to make the 
intensity of the retarding force greater at some interme- 
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diate moment than at the commencement or close of the 
motion ; as^ for instance, a very thin hard stratum just 
below the point of the pile ; before the pile should reach 
it, the penetration would be easy ; it would be difficult 
while passing through it, and again become easy. But 
there were no such circumstances in the cases spoken of 
above. The borings in Bastion A down to the depth of 
36 feet gave a mixture of very fine clay and sand, so 
fine that when dried and rubbed between the fingers it 
made an almost impalpable powder. 

The velocity of pile and hammer destroyed, gives us 
one equation (3). The space moved over while this 
destruction of velocity is being effected gives another (5). 
These equations are sufficient to determine two unknown 
quantities and no more. The time not having been 
measured constitutes one unknown quantity. If then we 
assume an expression for a variable force that shall con- 
tain not more than one unknown co-efficient, those equa- 
tions will suffice to determine both it and the time. If 
the time had been measured, the equations would have 
been sufficient to determine the variable force if it con- 
tained two unknown co-efficients. 

Let us now suppose that the retarding force, having 
a certain intensity at the commencement of the motion, 
either increases or diminishes in proportion to the time 
t; we will begin with the case in which it diminishes, 
and assume the expression <p^A ( 1 — t ) in which A is 
an unknown constant : — substituting this value in equa- 
tion (6), we have 

s=V't—fdt.fj{l—t)dt=rt—fdt{Jlt—-^Jie) 
Substituting the above value of ^ in equation (3), we 
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have^ 

Y'=^fji{}—t)dt=Jt^iJlP. (11) 

Substituting this value of V in the above expressiooi 
for 8y we have, 

or, reducing, 

8 = :^Jie—^Jf. (12.) 

Dividing both members of equation (12) by those of 
equation (11) we have, 

V'~ t —ii^~ 6—3t • 
or 68 — 3tt = 3iV^—2f' P, 

or 2V^t^ — 3T^t — 38t = —6s. 

Consequently, t«_ | ( i + ^^) ^ =_ 3 ^, : 

This is a quadratic equation of the form x* — j> a: = — 5, in 
which the roots are 



comparing this with the above, we have. 



<=f(l+f)±v/[|(l+f)y-3^ 

Of these two values of <, it is evident that the one in 
which the radical is affected with a negative sign, is the 

one belonging to the case ; for ^ being always very 

small, the positive sign of the radical would give t greater 
than unity ; but ^, the retarding force, being equal to 
Jl (1 — t)y becomes negative when t is greater than unity 
and gives an accelerating instead of a retarding force. 
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To apply this expression to the case of the pile already 
referred to, in which we had P = 30'3, and 3 = 3f ' = 
'•312, we have, 

^=.010314, [i(l+f)y=. 574163, .574163 — 3^ 

= .543221, v/.54322l = .737035, |^ (1+f) =.757785 

and the difference t « .0207 of a second. 

v 
From equation ( 1 1) we have ^= ^_i ^^ ; but V^=30'.3 

and ^=.0207 ; applying these values we have jf=1479 ; 
But ^ = ^ ( 1 — t) : At the commencement of the motion, 
p= 1479,and at the close,^= 1479(1— •0207)=1448i. 

Thus in the case in which the supposition of a constant 
force gave -^ of a second for the time, and 1468 feet as 
the velocity per second that the retarding force is capable 
of destroying on the mass of hammer and pile, the suppo- 
sition of a force varying according to the above law, gives 
•0207 of a second for the time, and 1479, and 1448;i- as 
the velocity per second that it can destroy at the com- 
mencement and close of the motion. These results do 
hot vary much from those of the supposition of a constant 
force, but showing the force to be stronger at the com- 
mencement of the motion they tend to confirm the rea- 
soning above as to the safety of that supposition. 

If we take the case of the force increasing as the time, 
and assume ^ = ^ (1 + f), the solution of the equations 
(3) and (5) with this value of ^ will give 



t = _3(l_l,)±V[f(l-f)J+3^ 



and Jl =- 



t + \t' 



The upper sign of the radical must be adopted, for the 
lower one would always give t negative. Applying these 
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expressions to the case of the pile so often referred to, 
we shall find <= -02056 of a second, and ^ = 1459 at the 
beginning and q> = 1489 at the close of the motion ; one of 
these results being less and the other greater than that of 
the constant force. 

Towards the salient of Bastion A, the piles ought to 
be able to endure a weight of 85000 pounds ; they have 
been loaded for three years with 23700 pounds and 
there has been no motion. Thus Fort Montgomery 
gives three years experience in favor of a co-efficient of 
stabiUty of 3yV when applied to the calculation under the 
supposition of a constant force. 

Many cases occurred in which, after a pile had been 
driven some days, another blow was struck, and the re- 
sult was invariably a less motion than was to have been 
expected, if this blow had immediately succeeded the 
others. One of these cases occurred in the sketch here- 
with, in which a pile, that on the 18th of September was 
driven from 4^ to 6|- inches under the last four blows, on 
being struck again on the 20th September was driven 
but 2 inches. 

In stating the average weight with which the piles are 
loaded, no deduction has been made for the influence of 
the water (in the spring months) in reducing the weight 
of the masonry. In certain seasons and for a short time 
this might reduce the loads from four to five per cent. 

I am very respectfully. 

Your obedient servant, 

J. L. MASON, 

Captain Engineers Bvt, Lt. Colonel. 
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